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If the local color symmetry in  a quark-gluon matter is broken, the expectation value of  the gluon 
field  (AE(x))  may  be different from zero.  Such a gluon-condensed phase has been  found in  mean 
field approximation.  The gluon-condensed phase is  characterized by a static, periodic chromomag- 
netic field, which  is  coupled to a periodic spin-color density distribution of  quarks and antiquarks. 
Transitions of  first and second order type have been found between  the gluon-condensed and normal 
phases, the latter characterized by  the vanishing value of  the mean gluon field. 
I.  INTRODUCTION 
According to the rather widely accepted view in the ha- 
dronic matter at high enough temperature and/or  density 
a  transition  may  take  place  into  a  quark-gluon  plasma 
In  high  energy  heavy-ion collisions there  is  a 
chance to reach that region of physical Parameters where 
this phase transition is possible.  How the plasma is pro- 
duced and what  kind of  phase transition takes place are 
questions  of  extreme interest.  A  number  of  approaches 
has  been  developed to estimate  the temperature and  the 
density  of  the tran~ition.~-~  In the quark-gluon  plasma 
phase another phase transition associated with the restora- 
tion of the chiral invariante is also expe~ted.~  In this pa- 
per  we  will  assume  that  the  transition  from  hadronic 
phase  into  the  quark-gluon  plasma  is  already  accom- 
plished  and  we  will  search  for  further  possibilities  of 
phase transitions  of  the plasma.  It will  be  shown that a 
gluon-condensed  phase  may  exist  charactenzed  by  the 
nonvanishing  expectation  value  of  the  gluon  field 
(A;(x)),  which plays the role of the order parameter.  In 
the gluon-condensed phase a static, periodic chromomag- 
netic field is present and this induces in a self-consistent 
way  a similar periodic behavior of  the spin-color density 
of  the  quarks  and  antiquarks.'  Recently  a  somewhat 
similar approach has been developed by  Celenza and Sha- 
kin for the treatment of hadronic ~tructure.~  Gluon con- 
densation characterized by  color singlet, scalar order pa- 
rameters has been investigated in several papers.9-12 
To have a nonvanishing expectation value of the gluon 
field (A;(x)), the local color symmetry must be broken. 
According to Elitzur's  theorem,13  this symmetry breaking 
cannot be spontaneous.  It was pointed out by  Elitzur that 
it  is  the  introduction  of  the  mean  field  approximation 
which  produces  already  a  violation  of  the  local  gauge 
symmetry.  Consequently,  the  expectation  value  of  the 
gluon vector potential may be different from zero; howev- 
er, it cannot be a good order parameter.  Nevertheless, we 
will  use it as an approximate order parameter, since the 
phase transition found in mean  field approximation may 
survive in the true, symmetric theory. 
In  Sec.  I1  the  mean  field  approximation  of  QCD is 
summarized.  In Sec. I11  the self-consistent set  of  equa- 
tions  is derived  frorn  the field  equations.  The thermo- 
dynamical  description  of  the system is given in Sec. IV. 
The characteristic features of .the gluon-condensed phase 
are enumerated  in  Sec. V.  Section V1  is  devoted to the 
discussion of  the phase transitions.  Concluding remarks 
are  contained  by  Sec.  VII.  The solution  of  the  Dirac 
equation  for SU(2) can  be  found  in  Appendix  A.  The 
generalization for SU(31 is given in Appendix B.  Finally, 
the equivalence of  the self-consistent equations  with  the 
necessary conditions of  the thermodynamical equilibrium 
is proved in Appendix C. 
11.  MEAN FIELD APPROXIMATION 
The field equations of  the QCD in conventional nota- 
tions are given by 
where  the field  strength  Fpva(x)  and  the vector current 
Fpa(x)  are defined as follows: 
The generators  and  the structure constants of  the gauge 
group  are denoted  by  Ta and  fabf, respectively.  As  a 
consequence of  Eq. (21, the divergence of  the color vector 
current vanishes, so that the color charge 
is a  conserved quantity.  The field equations  (1) and  (2) 
are symmetnc under the local gauge transformations. 
We  assume that the field Operators carrying both color 
and Lorentz indices may  have nonvanishing  expectation 
values: 
Let us introduce the following decornposition: 
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